
J  

Europaisches  Patentamt 

European  Patent  Office 

Office  europeen  des  brevets 
0  4 4 7   9 7 0   A 2  CO  Publication  number: 

E U R O P E A N   PATENT  A P P L I C A T I O N  

©  int.ci.5:G01R  3 3 / 5 6  ©  Application  number:  91103968.3 

©  Date  of  filing:  14.03.91 

©  Inventor:  Hatanaka,  Masahiko,  c/o  Intellectual 
Property  Div. 
Kabushiki  Kaisha  Toshiba,  1-1  Shibaura 
1-chome 
Minato-ku,  Tokyo  105(JP) 

©  Priority:  20.03.90  JP  71022/90 
23.03.90  JP  72003/90 

©  Date  of  publication  of  application: 
25.09.91  Bulletin  91/39 

©  Designated  Contracting  States: 
DENL 

©  Applicant:  Kabushiki  Kaisha  Toshiba 
72,  Horikawa-cho  Saiwai-ku 
Kawasaki-shi(JP) 

©  Representative:  Blumbach  Weser  Bergen 
Kramer  Zwirner  Hoffmann  Patentanwalte 
Radeckestrasse  43 
W-8000  Munchen  60(DE) 

Method  and  apparatus  for  imaging  blood  vessels  employing  magnetic  resonance. 

tion.  A  cross-sectional  image  is  reconstructed  for 
each  of  the  multiple  slices.  Images  obtained  by 
performing  subtractions  on  plural  images  for  the 
same  slice  are  gathered  to  thereby  produce  an  im- 
age  of  blood  vessels  of  the  subject  under  examina- 
tion  which  contain  at  least  two  blood  vessels  which 
run  substantially  in  parallel  and  are  opposite  to  each 
other  in  the  direction  of  blood  flow  therein. 

©  A  magnetic  resonance  blood  flow  imaging  meth- 
od  employs  a  field-echo  technique  and  a  gapless 
multi-slice  acquisition  technique  in  which  a  selective 
excitation  pulse  with  a  flip  angle  of  less  than  90 
degrees  is  utilized  and  a  pulse  repetition  time  is  set 
shorter  than  usual.  Imaging  data  are  acquired  from 
multiple  slices  of  a  subject  under  examination  while 
the  multiple  slices  are  shifted  in  sequence  in  posi- 
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The  present  invention  relates  to  a  method  and 
apparatus  for  imaging  blood  vessels  employing 
magnetic  resonance  and,  more  specifically,  to  an 
imaging  method  and  apparatus  which  permit  visu- 
alization  of  only  arteries,  only  veins  or  both  the 
arteries  and  veins. 

A  description  will  be  made  of  a  conventional 
method  of  imaging  blood  vessels,  which  is  gen- 
erally  referred  to  as  magnetic  resonance  (MR)  an- 
giography.  As  shown  in  Fig.  1,  let  us  imagine  a 
slice  P  which  is  perpendicular  to  the  direction  in 
which  a  blood  vessel  V  runs.  A  radio  frequency 
(RF)  pulse  is  applied  to  the  slice  P  to  excite  it. 
Then,  the  entire  slice  is  excited.  In  this  case,  fresh 
blood  which  has  not  been  subjected  to  the  RF 
pulse  flows  into  the  blood  vessel  V  in  the  slice  P. 
For  this  reason  an  MR  signal  at  a  high  level  will  be 
generated  from  the  blood  vessel  V.  Since,  in  this 
case,  fresh  blood  flows  into  the  vessel  with  each 
repetition  of  the  RF  pulse,  a  phenomenon  will  oc- 
cur  in  which  a  high-level  MR  signal  is  produced 
each  time  an  RF  pulse  is  applied.  This  is  generally 
referred  to  as  the  time-of-flight  phenomenon.  Also, 
there  is  a  phenomenon  in  which  the  phase  of  the 
MR  signal  varies  because  of  the  flow  of  blood.  This 
is  generally  referred  to  as  the  phase  modulation 
phenomenon.  There  is  a  method  which  employs 
these  phenomena  to  obtain  MR  angiograms. 

Besides  the  above  methods,  there  is  the  follow- 
ing  method.  First,  in  this  method,  a  single-slice 
pulse  sequence  whose  pulse  repetition  period  Tr  is 
short  is  adopted.  In  executing  this  pulse  sequence 
a  plurality  of  slices  are  excited  in  sequence  for 
visualization  of  plural  regions.  During  this  process  a 
saturation  phenomenon  due  to  the  short  repetition 
period  and  the  time-of-flight  phenomenon  act, 
whereby  the  amount  of  generation  of  MR  signals 
from  static  portions  becomes  small  and  eventually 
high-level  MR  signals  are  obtained  selectively  from 
flowing  blood,  so  that  MR  angiograms  are  obtained. 

Every  one  of  the  above-described  conventional 
methods  permits  presentation  of  desirable  angiog- 
rams  for  blood  flow  (blood  vessels)  in  one  direc- 
tion.  However,  in  the  case  where  an  artery  and  a 
vein  are  mixed,  blood  flow  in  one  direction  and 
blood  flow  in  the  other  direction  cannot  be  sepa- 
rated  from  each  other.  For  this  reason  the  artery 
and  the  vein  are  presented  together.  Thus,  they  are 
hardly  distinguishable  from  each  other  and  the 
blood  flow  is  also  difficult  to  understand  properly. 

It  is  therefore  an  object  of  the  present  invention 
to  provide  an  MR  blood  flow  imaging  method  and 
apparatus  which  permit  presentation  of  MR  angiog- 
rams  for  only  arteries,  only  veins  or  both  arteries 
and  veins. 

The  above  object  is  attained  by  a  blood  vessel 
imaging  method  employing  magnetic  resonance 
comprising  the  steps  of: 

acquiring  magnetic  resonance  signals  from 
multiple  slice  regions  of  a  subject  under  examina- 
tion; 

reconstructing  cross-sectional  images  of  said 
5  slice  regions  on  the  basis  of  said  magnetic  reso- 

nance  signals  from  said  slice  regions  obtained  by 
the  step  of  acquiring;  and 

performing  arithmetic  operations  on  said  cross- 
sectional  images  of  said  slice  regions  to  thereby 

w  produce  an  image  of  blood  vessels  within  said 
subject. 

The  above  object  is  attained  by  a  blood  vessel 
imaging  apparatus  employing  magnetic  resonance 
comprising: 

15  acquiring  means  for  acquiring  magnetic  reso- 
nance  signals  from  multiple  slice  regions  of  a  sub- 
ject  under  examination; 

reconstructing  means  for  reconstructing  cross- 
sectional  images  of  said  slice  regions  from  said 

20  magnetic  resonance  signals  from  said  slice  regions 
obtained  by  said  acquiring  means;  and 

processing  means  for  performing  arithmetic 
operations  on  said  cross-sectional  images  of  said 
slice  regions  to  thereby  produce  an  image  of  blood 

25  vessels  within  said  subject. 
The  above  object  is  attained  by  a  blood  vessel 

imaging  method  employing  magnetic  resonance 
comprising  the  steps  of: 

acquiring  magnetic  resonance  signals  from 
30  multiple  slice  regions  of  a  subject  under  examina- 

tion  as  projection  data  in  a  specific  direction; 
reconstructing  projection  images  of  said  slice 

regions  on  the  basis  of  said  projection  data  of  said 
slice  regions  obtained  by  the  step  of  acquiring;  and 

35  performing  arithmetic  operations  on  said  re- 
constructed  projection  images  of  said  slice  regions 
to  thereby  produce  an  image  of  blood  vessels 
within  said  subject. 

The  above  object  is  attained  by  a  blood  vessel 
40  imaging  apparatus  employing  magnetic  resonance 

comprising: 
acquiring  means  for  acquiring  magnetic  reso- 

nance  signals  from  multiple  slice  regions  of  a  sub- 
ject  under  examination  as  projection  data  in  a  spe- 

45  cific  direction; 
reconstructing  means  for  reconstructing  projec- 

tion  images  of  said  slice  regions  from  said  projec- 
tion  data  of  said  slice  regions  obtained  by  said 
acquiring  means;  and 

so  processing  means  for  performing  arithmetic 
operations  on  said  reconstructed  images  of  said 
slice  regions  to  thereby  produce  an  image  of  blood 
vessels  within  said  subject. 

The  above  blood  flow  imaging  method  and 
55  apparatus  of  the  present  invention  functions  as 

follows.  Imaging  of  a  subject  under  examination  by 
means  of  a  multi-slice  acquisition  technique  per- 
mits  images  of  blood  vessels  due  to  the  occur- 
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rence  of  the  time  of  flight  phenomenon  to  be 
produced  in  cross-sectional  images  or  projection 
images  of  the  subject.  By  performing  an  arithmetic 
operation,  such  as  addition  or  subtraction,  on  the 
cross-sectional  images  or  projection  images,  blood 
vessels  in  one  flow  direction,  namely  only  arteries 
or  veins,  or  blood  vessels  in  opposite  flow  direc- 
tions,  namely,  both  the  arteries  and  veins,  can  be 
imaged. 

This  invention  can  be  more  fully  understood 
from  the  following  detailed  description  when  taken 
in  conjunction  with  the  accompanying  drawings,  in 
which: 

Fig.  1  is  a  diagram  illustrating  a  prior  art; 
Fig.  2  illustrates  an  electrical  arrangement  of  a 
usual  magnetic  resonance  imaging  apparatus; 
Fig.  3  illustrates  pulse  sequences  for  carrying 
out  a  method  according  to  a  first  embodiment  of 
the  present  invention; 
Fig.  4  is  a  diagrammatic  representation  of  re- 
gions  to  be  imaged  according  to  the  pulse  se- 
quences  shown  in  Fig.  3; 
Fig.  5  is  a  diagram  illustrating  signal  acquisition 
in  the  regions  P1  ,  P2  and  P3  of  Fig.  4; 
Figs.  6A,  6B  and  6C  are  diagrammatic  repre- 
sentations  of  images  obtained  from  the  regions 
P1  ,  P2  and  P3; 
Figs.  7A,  7B,  7C  and  7D  are  diagrams  illustrat- 
ing  subtraction  processes  for  blood-vessel  imag- 
ing  according  to  the  first  embodiment; 
Fig.  8  illustrates  a  three-dimensional  image  of 
blood  vessels  produced  by  the  first  embodi- 
ment; 
Fig.  9  illustrates  pulse  sequences  for  carrying 
out  a  method  according  to  a  second  embodi- 
ment  of  the  present  invention; 
Fig.  10  is  a  diagrammatic  representation  of  re- 
gions  subjected  to  projection  imaging  in  accor- 
dance  with  the  pulse  sequences  shown  in  Fig.  9; 
Fig.  1  1  is  a  diagram  illustrating  signal  acquisition 
in  the  regions  P1,  P2  and  P3  of  Fig.  10; 
Figs.  12A,  12B,  12C  and  12D  are  diagrams 
illustrating  subtraction  and  addition  processes 
for  blood-vessel  imaging  according  to  the  sec- 
ond  embodiment; 
Fig.  13  is  a  diagrammatic  representation  of  a 
projection  image  of  two  blood  vessels  according 
to  the  second  embodiment; 
Fig.  14  is  a  diagram  illustrating  stepwise  data 
acquisition  performed  while  slices  are  shifted; 
and 
Figs.  15  and  16  illustrate  a  projection  image  of 
Fig.  14. 

Hereinafter  magnetic  resonance  angiography 
according  to  an  embodiment  of  the  present  inven- 
tion  will  be  described  with  reference  to  the  accom- 
panying  drawings. 

First,  the  arrangement  of  a  magnetic  resonance 

imaging  apparatus  which  can  carry  out  the  method 
of  the  present  invention  will  be  described.  As 
shown  in  Fig.  2,  a  magnet  assembly  MA  which 
accommodate  a  subject  under  examination  or  pa- 

5  tient  P  comprises  a  static-field  magnet  system  1 
employing  a  superconducting  magnet,  a  non-super- 
conducting  magnet,  a  permanent  magnet  or  a  com- 
bination  of  these  magnets,  an  X-,  Y-  and  Z-axis 
gradient  field  generating  coil  system  2  for  generat- 

io  ing  gradient  magnetic  fields  used  to  provide  posi- 
tion  information  of  a  region  in  which  magnetic 
resonance  signals  are  induced  and  a  probe  3, 
consisting  of,  for  example,  a  transmit  coil  and  a 
receive  coil,  which  is  a  transmit  and  receive  system 

75  adapted  to  transmit  an  RF  excitation  pulse  and 
detect  induced  magnetic  resonance  signals  (MR 
signals:  echo  signals  or  FID  signals).  The  static- 
field  magnet  1  is  controlled  by  a  static  field  control- 
ler  4. 

20  In  addition  to  the  magnet  assembly  MA,  the 
magnetic  resonance  imaging  apparatus  includes  a 
transmitter  5  for  controlling  the  transmission  of  the 
RF  pulse,  a  receiver  6  for  controlling  the  reception 
of  the  induced  MR  signals,  X-axis,  Y-  and  Z-axis 

25  gradient  field  controllers  7,  8  and  9  for  controlling 
the  X-,  Y-  and  Z-axis  gradient  field  generating  coils 
2,  a  sequencer  10  adapted  to  carry  out  not  only 
usual  pulse  sequences  for  spin-echo  and  field-echo 
imaging  but  also  pulse  sequences  embodying  the 

30  present  invention  which  are  shown  in  Fig.  3  or  9,  a 
computer  system  11  for  controlling  these  compo- 
nents  and  processing  and  displaying  detected  sig- 
nals,  and  a  display  12  for  displaying  images  re- 
constructed  by  the  computer  system  1  1  . 

35  Here  the  pulse  sequences  are  carried  out  by 
the  sequencer  10  under  the  circumstances  that  the 
subject  P  is  placed  in  a  static  magnetic  field.  That 
is,  the  transmitter  5  is  driven  so  that  an  RF  pulse 
(a°  pulse  or  90°  pulse  as  a  selective  excitation  RF 

40  pulse,  180°  pulse  as  a  non-selective  excitation  RF 
pulse)  is  applied  from  the  transmit  coil  to  the 
subject  P,  the  gradient  field  power  supplies  7,  8 
and  9  are  driven  so  that  a  slice-selection  gradient 
field  Gx,  a  phase  encoding  gradient  field  Gy  and  a 

45  readout  gradient  field  Gz  are  applied  from  the 
gradient  field  forming  coils  2  to  the  subject  P,  and 
signals  from  a  specific  region  of  the  subject  P  are 
received  by  the  receive  coil  of  the  probe  3.  The 
pulse  sequences  shown  in  Fig.  3  or  9  are  repeated 

so  a  predetermined  number  of  times,  thereby  obtain- 
ing  a  group  of  data  (MR  signals)  for  imaging. 

At  this  point  an  imaging  region  in  the  present 
embodiment  will  be  described  with  reference  to 
Fig.  4.  In  the  imaging  region  there  are  two  blood 

55  vessels  VA  and  VB  which  run  substantially  in  par- 
allel  and  which  are  opposite  to  each  other  in  blood 
flow  direction.  For  example,  a  region  may  be  imag- 
ined  in  which  an  artery  and  a  vein  run  substantially 
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in  parallel.  Let  us  imagine  three  vertical  slice  re- 
gions  P1,  P2  and  P3  which  are  substantially  per- 
pendicular  to  the  blood  vessels  VA  and  VB  and 
that  the  three  slice  regions  are  photographed  using 
a  multi-slice  acquisition  technique.  In  this  case  it  is 
assumed  that  the  regions  are  excited  in  the  order 
of  P1,  P3  and  P2.  This  excitation  technique  is 
referred  to  as  a  gapless  multi-slice  acquisition  tech- 
nique. 

Next,  the  excitation  and  acquisition  procedure 
for  the  above-described  imaging  regions  is  carried 
out  in  accordance  with  timing  steps  of  a  field-echo 
pulse  sequence,  as  shown  in  Fig.  3.  That  is,  the 
excitation  of  the  regions  is  effected  in  the  order  of 
P1,  P3  and  P2.  The  region  P1  is  subjected  to  the 
first  encoding  first,  the  region  P3  is  subjected  to 
the  first  encoding  next  and  the  region  P2  is  sub- 
jected  to  the  first  encoding  finally.  Then,  the  re- 
gions  are  subjected  to  the  second  encoding  in  the 
order  of  P1,  P3  and  P2.  Each  of  the  first  and 
second  encoding  is  repeated  a  predetermined 
number  of  times.  Note  that  the  pulse  repetition 
period  TR  in  the  pulse  sequence  is  set  short.  To 
improve  the  S/N  ratio,  the  RF  pulse  (a°  pulse) 
preferably  has  a  flip  angle  of  less  than  90  °  . 

At  this  point,  as  an  example,  data  acquisition  in 
the  slice  region  P1  will  be  described  with  reference 
to  Fig.  5.  In  Fig.  5,  a  portion  indicated  by  oblique 
solid  lines  is  a  region  to  be  excited  this  time,  i.e., 
the  slice  region  P1  .  A  portion  indicated  by  oblique 
broken  lines  is  a  region  which  was  excited  last 
time,  i.e.,  the  slice  region  P3.  Moreover,  a  portion 
indicated  by  large  dots  is  a  region  which  was 
excited  last  time  but  one,  i.e.,  the  slice  region  P2. 
Furthermore,  portions  indicated  by  small  dots  re- 
present  those  which  have  not  been  excited. 

As  can  be  seen  from  the  foregoing,  the  image 
IP1  associated  with  the  region  P1  will  involve  a 
relatively  low-level  signal  from  the  blood  vessel  VA 
and  a  relatively  high-level  signal  from  the  blood 
vessel  VB.  The  reason  is  that,  because  of  the  short 
pulse  repetition  time  TR,  blood  which  has  been 
excited  in  the  region  P2  flows  into  that  portion  of 
the  blood  vessel  VA  which  is  located  in  the  region 
P1  and  moreover  it  provides  a  relatively  low-level 
signal  at  the  time  of  signal  acquisition,  and  fresh 
blood  which  has  not  been  excited  elsewhere  flows 
into  that  portion  of  the  blood  vessel  VB  which  is 
located  in  the  region  P1  and  moreover  it  provides  a 
high-level  signal  at  the  time  of  signal  acquisition. 
The  image  IP1  is  shown  in  Fig.  6  in  which  the 
black  round  mark  indicates  the  high-level  signal, 
while  the  white  round  mark  indicates  the  low-level 
signal. 

In  the  image  IP2  associated  with  the  region  P2, 
the  signals  from  the  blood  vessels  VA  and  VB  are 
both  at  a  low  level.  This  is  because  blood  which 
has  been  excited  in  the  region  P3  flows  into  that 

portion  of  the  blood  vessel  VA  which  is  located  in 
the  region  P2  and  moreover  it  provides  a  low  level 
signal  at  the  time  of  signal  acquisition,  and  blood 
which  has  been  excited  in  the  region  P1  flows  into 

5  that  portion  of  the  blood  vessel  VB  which  is  located 
in  the  region  P2  and  moreover  it  provides  a  rela- 
tively  low-level  signal  at  the  time  of  signal  acquisi- 
tion.  This  is  due  to  the  short  pulse  repetition  time 
TR.  The  image  IP2  is  shown  in  Fig.  6B  in  which,  as 

w  in  Fig.  6A,  the  black  round  mark  indicates  a  high- 
level  signal,  while  the  white  round  mark  indicates  a 
low-level  signal. 

Furthermore,  the  image  IP3  associated  with  the 
region  P3  involves  a  high-level  signal  from  the 

75  blood  vessel  VA  and  a  relatively  low-level  signal 
from  the  blood  vessel  VB.  The  reason  is  that  fresh 
blood  which  has  not  been  excited  elsewhere  flows 
into  that  portion  of  the  blood  vessel  VA  which  is 
located  in  the  region  P3  and  moreover  it  provides  a 

20  high-level  signal  at  the  time  of  signal  acquisition, 
and  blood  which  has  been  excited  in  the  region  P1 
flows  into  that  portion  of  the  blood  vessel  VB  which 
is  located  in  the  region  P3  and  moreover  it  pro- 
vides  a  relatively  low-level  signal  at  the  time  of 

25  signal  acquisition.  This  is  also  due  to  the  short 
pulse  repetition  time  TR.  The  image  1P3  is  shown 
in  Fig.  6C  in  which,  as  in  Figs.  6A  and  6B,  the 
black  round  mark  indicates  the  high-level  signal, 
while  the  white  round  mark  indicates  the  low-level 

30  signal. 
Next,  the  starting  position  for  the  multi-slice 

acquisition  is  shifted  one  slice  for  the  subsequent 
excitation  and  data  acquisition  procedure.  Namely, 
the  same  multi-slice  acquisition  as  that  described 

35  above  is  carried  out  from  the  region  P2. 
As  can  be  seen  from  the  foregoing,  in  Fig.  7A, 

7B  and  7C,  a  image  M1  ,  M2  and  M3  of  a  selective 
slice  can  be  obtained  completely.  The  image  M1 
corresponds  to  the  image  IP3  in  the  example  of 

40  Figs.  3  to  5.  The  image  M3  corresponds  to  the 
image  IP3  in  the  example  of  Figs.  3  to  5.  The 
image  M2  corresponds  to  the  image  IP2  in  the 
example  of  Figs.  3  to  5. 

The  subtraction  of  the  image  M2  from  the 
45  image  M1  yields  a  subtraction  image  N1.  In  the 

case  of  the  subtraction  image  N1,  the  blood  vessel 
VB  alone  is  at  a  high  level  and  other  portions  are  at 
zero  level  due  to  the  subtraction.  Moreover,  the 
subtraction  of  the  image  M2  from  the  image  M3 

50  yields  a  subtraction  image  N2.  In  this  subtraction 
image  N2,  the  blood  vessel  VA  alone  is  at  a  high 
level  and  other  portions  are  at  zero  level  due  to  the 
subtraction.  Furthermore,  the  subtraction  of  the  im- 
age  M3  from  the  image  M1  yields  a  subtraction 

55  image  N3.  In  the  subtraction  image  N3,  the  blood 
vessel  VB  yields  a  positive  high-level  signal,  while 
the  blood  vessel  VA  yields  a  negative  high-level 
signal.  Other  portions  are  at  zero  level  due  to  the 
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and  VB  which  run  substantially  in  parallel  and 
which  are  opposite  to  each  other  in  blood  flow 
direction.  For  example,  a  region  may  be  imagined 
in  which  an  artery  and  a  vein  run  substantially  in 

5  parallel.  Let  us  imagine  three  vertical  slice  regions 
P1,  P2  and  P3  which  are  substantially  perpendicu- 
lar  to  the  blood  vessels  VA  and  VB  and  that  the 
three  regions  are  photographed  using  a  multi-slice 
acquisition  technique  adapted  to  obtain  projection 

10  data  in  a  specific  direction  without  phase  encoding. 
In  this  case  it  is  assumed  that  the  regions  are 
excited  in  the  order  of  P1  ,  P3  and  P2.  This  excita- 
tion  technique  is  what  is  referred  to  as  a  gapless 
multi-slice  acquisition  technique. 

75  Next,  the  excitation  and  acquisition  procedure 
for  the  above-described  imaging  regions  is  carried 
out  in  accordance  with  timing  steps  of  a  filed-echo 
pulse  sequence  for  obtaining  projection  data  in  a 
specific  direction  without  phase  encoding,  as 

20  shown  in  Fig.  9.  The  excitation  of  the  regions  is 
here  effected  in  the  order  of  P1,  P3,  P2,  P1,  etc. 
The  first  acquisition  of  projection  data  from  the 
regions  is  made  in  the  order  of  P1  ,  P3  and  P2  and 
then  the  second  acquisition  of  projection  data  is 

25  made  in  the  order  of  P1,  P3  and  P2.  This  projec- 
tion  data  acquisition  is  made  a  predetermined  num- 
ber  of  times.  Note  that  the  pulse  repetition  period 
TR  in  the  pulse  sequence  is  set  short.  To  improve 
the  S/N  ratio,  the  RF  pulse  (a°  pulse)  preferably 

30  has  a  flip  angle  of  less  than  90°. 
At  this  point,  as  an  example,  data  acquisition 

from  the  slice  region  P1  will  be  described  with 
reference  to  Fig.  11.  In  Fig.  11,  a  portion  indicated 
by  oblique  solid  lines  is  the  region  to  be  excited 

35  this  time,  i.e.,  the  slice  region  P1.  A  portion  in- 
dicated  by  oblique  broken  lines  is  the  region  which 
was  excited  last  time,  i.e.,  the  slice  region  P3. 
Moreover,  a  portion  indicated  by  large  dots  is  the 
region  which  was  excited  last  time  but  one,  i.e.,  the 

40  slice  region  P2.  Furthermore,  portions  indicated  by 
small  dots  represent  those  which  have  not  been 
excited. 

As  can  be  seen  from  the  foregoing,  the  projec- 
tion  image  IP1  associated  with  the  region  P1  will 

45  involve  a  relatively  low-level  signal  from  the  blood 
vessel  VA  and  a  relatively  high-level  signal  from 
the  blood  vessel  VB.  The  reason  is  that,  because 
of  the  short  pulse  repetition  time  TR,  blood  which 
has  been  excited  in  the  region  P2  flows  into  that 

50  portion  of  the  blood  vessel  VA  which  is  located  in 
the  region  P1  and  moreover  it  provides  a  relatively 
low-level  signal  at  the  time  of  signal  acquisition, 
and  fresh  blood  which  has  not  been  excited  else- 
where  flows  into  that  portion  of  the  blood  vessel  VB 

55  which  is  located  in  the  region  P1  and  moreover  it 
provides  a  high-level  signal  at  the  time  of  signal 
acquisition. 

In  the  projection  image  IP2  associated  with  the 

subtraction. 
As  shown  in  Fig.  7D,  the  addition  of  the  sub- 

traction  images  N1  and  N2  yields  an  image  N4  in 
which  each  of  the  blood  vessels  VA  and  VB  is 
represented  by  a  positive  high-level  signal  and 
other  portions  are  indicated  by  zero-amplitude  sig- 
nals. 

The  interimage  subtraction  process  in  Fig.  7A, 
7B  or  7C  yields  an  image  in  which  only  the  blood 
vessel  VA  is  indicated,  an  image  in  which  only  the 
blood  vessel  VB  is  indicated  or  an  image  in  which 
both  the  blood  vessels  VA  and  VB  are  indicated  as 
having  different  signs  depending  on  the  direction  of 
blood  flow  therein.  In  addition,  as  shown  in  Fig.  7D, 
the  addition  of  subtraction  images  yields  an  image 
in  which  both  the  blood  vessels  VA  and  VB  are 
indicated  alike.  The  superimposition  of  images 
which  comprise  only  one  or  both  of  the  blood 
vessels  VA  and  VB  upon  each  other  will  permit 
three-dimensional  presentation  of  VA  and/or  VB.  As 
an  example,  Fig.  8  illustrates  a  three-dimensional 
image  of  blood  vessels  VA  and  VB.  An  imaging 
method  and  apparatus  which  permit  visualization  of 
only  arteries,  only  veins  or  both  the  arteries  and 
veins. 

In  the  above,  an  example  of  the  multi-slice 
acquisition  was  explained  with  respect  to  three 
slices.  Of  course,  the  number  of  slices  may  be 
increased  and  the  thickness  of  each  slice  may  be 
decreased  or  increased  suitably.  If  done  so,  an 
improvement  in  photographing  efficiency  and  suit- 
able  imaging  of  a  photographing  region  could  be 
expected.  Setting  of  the  slice  shift  amount  in  the 
multi-slice  acquisition  to  be  less  than  the  thickness 
of  a  slice  could  make  an  improvement  in  the  reso- 
lution  in  the  direction  of  slices. 

Moreover,  a  blood-vessel  image  obtained 
through  the  addition  of  subtraction  images  may  be 
displayed  in  a  black  and  white  reverse  mode.  In 
the  subtraction  processes  shown  in  Figs.  7A,  7B 
and  7C,  the  minuend  image  and  the  subtrahend 
image  may  be  interchanged  to  vary  amplitudes  of 
the  blood-vessel  portions. 

Furthermore,  display  formats  of  the  three-di- 
mensional  image  of  the  blood  vessels  VA  and  VB 
include  reprojection  image  display  and  animation 
display  of  reprojection  images  with  different  projec- 
tion  directions.  In  addition,  as  the  pulse  sequence 
employed  in  the  present  invention,  not  only  the 
field-echo  pulse  sequence  but  also  a  spin-echo 
pulse  sequence  in  which  the  pulse  repetition  time 
TR  is  made  short  may  be  employed. 

Next,  the  other  embodiment  of  the  blood  ves- 
sel  imaging  method  of  the  present  invention  will  be 
described. 

First,  reference  is  made  to  Fig.  10  to  describe 
an  imaging  region  in  the  present  embodiment.  In 
the  imaging  region  there  are  two  blood  vessels  VA 
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region  P2,  the  signals  from  the  blood  vessels  VA 
and  VB  are  both  at  a  low  level.  This  is  because 
blood  which  has  been  excited  in  the  region  P3 
flows  into  that  portion  of  the  blood  vessel  VA  which 
is  located  in  the  region  P2  and  moreover  it  pro- 
vides  a  low  level  signal  at  the  time  of  signal  ac- 
quisition,  and  blood  which  has  been  excited  in  the 
region  P1  flows  into  that  portion  of  the  biood  vessel 
VB  which  is  located  in  the  region  P2  and  moreover 
it  provides  a  relatively  low-level  signal  at  the  time 
of  signal  acquisition.  This  is  also  due  to  the  short 
pulse  repetition  time  TR. 

Furthermore,  the  projection  image  IP3  asso- 
ciated  with  the  region  P3  involves  a  high-level 
signal  from  the  blood  vessel  VA  and  a  relatively 
low-level  signal  from  the  blood  vessel  VB.  The 
reason  is  that  fresh  blood  which  has  not  been 
excited  elsewhere  flows  into  that  portion  of  the 
blood  vessel  VA  which  is  located  in  the  region  P3 
and  moreover  it  provides  a  high-level  signal  at  the 
time  of  signal  acquisition,  and  blood  which  has 
been  excited  in  the  region  P1  flows  into  that  portion 
of  the  blood  vessel  VB  which  is  located  in  the 
region  P3  and  moreover  it  provides  a  relatively  low- 
level  signal  at  the  time  of  signal  acquisition.  This  is 
also  due  to  the  short  pulse  repetition  time  TR. 

Next,  the  starting  position  in  the  multislice  ac- 
quisition  is  shifted  one  slice  for  the  subsequent 
excitation  and  data  acquisition  procedure.  Thereby, 
three  projection  images  indicated  at  M1,  M2  and 
M3  are  obtained  at  each  slice  position  as  shown  in 
Figs.  12Ato  12D. 

The  projection  image  M1  corresponds  to  the 
projection  image  IP1  in  the  example  of  Figs.  9  to 
11.  The  projection  image  M2  corresponds  to  the 
projection  image  IP2  in  the  example  of  Figs.  9  to 
11.  The  projection  image  M3  corresponds  to  the 
projection  image  IP3  in  the  example  of  Figs.  9  to 
11. 

As  shown  in  Fig.  12A,  the  subtraction  of  the 
image  M2  from  the  image  M1  yields  a  subtraction 
projection  image  N1.  The  subtraction  projection 
image  N1  comprises  a  projection  image  (VA')  of 
the  blood  vessel  VB  alone.  Moreover,  as  shown  in 
Fig.  12B,  the  subtraction  of  the  image  M2  from  the 
image  M1  yields  a  subtraction  projection  image  N2. 
This  subtraction  projection  image  N2  comprises  a 
projection  image  (VB')  of  the  blood  vessel  VA 
alone.  Furthermore,  as  shown  in  Fig.  12C,  the 
subtraction  of  the  image  M1  from  the  image  M3 
yields  a  subtraction  projection  image  N3.  The  sub- 
traction  projection  image  N3  comprises  projection 
images  (VA'  and  VB'),  with  positive  and  minus 
signs,  of  the  blood  vessels  VA  and  VB.  Namely, 
the  blood  vessels  VA  and  VB  are  projected  sepa- 
rately.  In  addition,  as  shown  in  Fig.  12D,  the  addi- 
tion  of  the  subtraction  projection  images  N1  and 
N2  yields  an  addition  projection  image  N4,  which 

provides  positive  projection  data  (VA1,  VB')  of  the 
blood  vessels  VA  and  VB  alone. 

By  superimposing  upon  each  other  projection 
images  comprising  only  the  blood  vessel  VA,  only 

5  the  blood  vessel  VB  or  both  of  the  blood  vessels 
VA  and  VB  which  have  been  obtained  by  perform- 
ing  the  subtraction  process  in  Fig.  12A,  12B  or  12C 
or  the  addition  process  in  Fig.  12D  for  all  the  slice 
positions,  projection  images  VA'  and  VB1  of  the 

w  blood  vessels  VA  and  VB  in  a  specific  direction  are 
obtained  as  shown  in  Fig.  13.  That  is,  only  an 
artery,  only  a  vein  or  both  of  the  artery  and  vein 
can  be  identified  or  extracted  alike. 

In  the  above,  an  example  of  the  multislice 
75  acquisition  was  explained  with  respect  to  three 

slices.  Of  course,  the  number  of  slices  may  be 
increased  and  the  thickness  of  each  slice  may  be 
decreased  or  increased  suitably.  If  done  so,  an 
improvement  in  photographing  efficiency  and  suit- 

20  able  imaging  of  a  photographing  region  could  be 
expected. 

Fig.  14  is  a  diagram  illustrating  a  state  in  which 
the  position  of  a  three-multislice  portion  indicated 
by  oblique  lines  is  shifted  by  one  slice  with  each  of 

25  steps  S1  to  S4.  By  making  data  acquisition  in 
successive  steps  from  S1  to  S4  as  shown  in  Fig. 
14,  two-dimensional  projection  images  VA'  and  VB' 
in  a  specific  direction  are  obtained,  as  shown  in 
Fig.  16,  for  a  imaging  portion  shown  in  Fig.  15. 

30  Although  the  above  description  was  made  of 
the  acquisition  of  a  projection  image  in  one  direc- 
tion,  a  projection  image  in  any  one  of  the  or- 
thogonal  X,  Y  and  Z-axis  directions  or  in  any  direc- 
tion  can  be  acquired  by  adjusting  the  readout  gra- 

35  dient  field  GR. 
The  shift  amount  of  the  multislice  portion  may 

be  selected  to  be  less  than  the  thickness  of  a  slice. 
If  done  so,  the  resolution  in  the  direction  of  the 
thickness  of  slice  will  be  improved. 

40  A  three-dimensional  image  of  blood  vessels  VA 
and  VB  can  be  obtained  from  a  group  of  projection 
images  acquired  from  plural  directions.  Display  for- 
mats  of  the  three-dimensional  image  of  blood  ves- 
sels  include  reprojection  image  display  and  anima- 

45  tion  display  of  reprojection  projection  images  ob- 
tained  from  different  directions  of  projection.  These 
display  formats  may  be  adopted  as  required. 

As  the  pulse  sequence  used  in  the  present 
invention,  not  only  a  field-echo  pulse  sequence  but 

so  also  a  spin-echo  pulse  sequence  may  be  adopted. 

Claims 

1.  A  magnetic-resonance  blood  vessel  imaging 
55  method  of  producing  an  image  of  blood  ves- 

sels  with  a  subject  under  examination  on  the 
basis  of  magnetic  resonance  signals  acquired 
from  said  subject  under  examination,  charac- 
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terized  in  that  said  method  comprises  the 
steps  of: 

acquiring  magnetic  resonance  signals  from 
multiple  slice  regions  of  a  subject  under  ex- 
amination; 

reconstructing  cross-sectional  images  of 
said  slice  regions  on  the  basis  of  said  mag- 
netic  resonance  signals  from  said  slice  regions 
obtained  by  the  step  of  acquiring;  and 

performing  arithmetic  operations  on  said 
cross-sectional  images  of  said  slice  regions  to 
thereby  produce  an  image  of  blood  vessels 
within  said  subject. 

2.  A  method  according  to  claim  1,  characterized 
in  that  the  step  of  acquiring  acquires  magnetic 
resonance  signals  from  said  slice  regions  of 
said  subject  by  means  of  a  multi-slice  acquisi- 
tion  technique. 

3.  A  method  according  to  claim  2,  characterized 
in  that  in  said  multi-slice  acquisition  technique, 
said  slice  regions  are  sequentially  shifted  in 
position. 

4.  A  method  according  to  claim  2,  characterized 
in  that  said  multi-slice  acquisition  technique  is 
a  gapless  multi-slice  acquisition  technique. 

5.  A  method  according  to  claim  2,  characterized 
in  that  said  multi-slice  acquisition  technique 
employs  a  selective  excitation  pulse  with  a  flip 
angle  of  less  than  90  degrees  and/or  a  pulse 
repetition  time  which  is  shorter  than  usual. 

6.  A  method  according  to  claim  2,  characterized 
in  that  said  multi-slice  acquisition  technique  is 
based  on  a  field-echo  system. 

7.  A  method  according  to  claim  1,  characterized 
in  that  the  step  of  performing  arithmetic  oper- 
ations  includes  gathering  images  obtained  by 
performing  subtractions  on  plural  images  for 
the  same  slice  region  to  thereby  produce  an 
image  of  blood  vessels  within  said  subject. 

8.  A  method  according  to  claim  1,  characterized 
in  that  said  slice  regions  of  said  subject  con- 
tain  at  least  two  blood  vessels  which  run  sub- 
stantially  in  parallel  and  are  opposite  to  each 
other  in  the  direction  of  blood  flow  therein. 

9.  A  magnetic-resonance  blood  vessel  imaging 
apparatus  for  producing  an  image  of  blood 
vessels  with  a  subject  under  examination  on 
the  basis  of  magnetic  resonance  signals  ac- 
quired  from  said  subject  under  examination, 
characterized  in  that  said  apparatus  comprises: 

acquiring  means  (3,  6,  7,  8,  9,  10)  for 
acquiring  magnetic  resonance  signals  from 
multiple  slice  regions  of  a  subject  under  ex- 
amination; 

reconstructing  means  1  1  for  reconstructing 
cross-sectional  images  of  said  slice  regions 
from  said  magnetic  resonance  signals  from 
said  slice  regions  obtained  by  said  acquiring 
means;  and 

processing  means  11  for  performing 
arithmetic  operations  on  said  cross-sectional 
images  of  said  slice  regions  to  thereby  pro- 
duce  an  image  of  blood  vessels  within  said 
subject. 

10 

75 
10.  An  apparatus  according  to  claim  9,  character- 

ized  in  that  said  acquiring  means  (3,  6,  7,  8,  9, 
10)  uses  a  gapless  multi-slice  acquisition  tech- 
nique  in  which  said  slice  regions  are  shifted  in 

20  sequence  in  position. 

11.  An  apparatus  according  to  claim  10,  character- 
ized  in  that  said  gapless  multi-slice  acquisition 
technique  employs  a  selective  excitation  pulse 

25  with  a  flip  angle  of  less  than  90  degrees  and/or 
a  pulse  repetition  time  which  is  shorter  than 
usual. 

12.  An  apparatus  according  to  claim  10,  character- 
30  ized  in  that  said  gapless  multi-slice  acquisition 

technique  is  based  on  a  field-echo  technique. 

13.  An  apparatus  according  to  claim  9,  character- 
ized  in  that  said  processing  means  gathers 

35  images  obtained  by  performing  subtractions  on 
plural  images  for  the  same  slice  region  to 
thereby  produce  an  image  of  blood  vessels 
within  said  subject. 

40  14.  An  apparatus  according  to  claim  9,  character- 
ized  in  that  said  acquiring  means  (3,  6,  7,  8,  9, 
10),  said  reconstructing  means  (11)  and  said 
processing  means  (11)  comprise  a  magnetic 
resonance  imaging  apparatus. 

45 
15.  A  magnetic-resonance  blood  vessel  imaging 

method  of  producing  an  image  of  blood  ves- 
sels  with  a  subject  under  examination  on  the 
basis  of  magnetic  resonance  signals  acquired 

so  from  said  subject  under  examination,  charac- 
terized  in  that  said  method  comprises  the 
steps  of: 

acquiring  magnetic  resonance  signals  from 
multiple  slice  regions  of  a  subject  under  ex- 

55  amination  as  projection  data  in  a  specific  direc- 
tion; 

reconstructing  projection  images  of  said 
slice  regions  on  the  basis  of  said  projection 
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data  of  said  slice  regions  obtained  by  the  step 
of  acquiring;  and 

performing  arithmetic  operations  on  said 
reconstructed  projection  images  of  said  slice 
regions  to  thereby  produce  an  image  of  flood 
vessels  within  said  subject. 

16.  A  method  according  to  claim  15,  characterized 
in  that  the  step  of  acquiring  acquires  magnetic 
resonance  signals  from  said  slice  regions  of 
said  subject  by  means  of  a  multi-slice  acquisi- 
tion  technique. 

17.  A  method  according  to  claim  16,  characterized 
in  that,  in  said  multi-slice  acquisition  technique, 
said  slice  regions  are  sequentially  shifted  in 
position. 

18.  A  method  according  to  claim  16,  characterized 
in  that  said  multi-slice  acquisition  technique  is 
a  gapless  multi-slice  acquisition  technique. 

19.  A  method  according  to  claim  16,  characterized 
in  that  said  multislice  acquisition  technique 
employs  a  selective  excitation  pulse  with  a  flip 
angle  of  less  than  90  degrees  and/or  a  pulse 
repetition  time  which  is  shorter  than  is  usual. 

20.  A  method  according  to  claim  1  5,  characterized 
in  that  the  step  of  performing  arithmetic  oper- 
ations  includes  gathering  images  obtained  by 
performing  subtractions  on  plural  images  for 
the  same  slice  region  to  thereby  produce  an 
image  of  blood  vessels  within  said  subject 

21.  A  method  according  to  claim  15,  characterized 
in  that  said  slice  regions  of  said  subject  con- 
tain  at  least  two  blood  vessels  which  run  sub- 
stantially  in  parallel  and  are  opposite  to  each 
other  in  the  direction  of  blood  flow  therein. 

22.  A  magnetic-resonance  blood  vessel  imaging 
apparatus  for  producing  an  image  of  blood 
vessels  with  a  subject  under  examination  on 
the  basis  of  magnetic  resonance  signals  ac- 
quired  from  said  subject  under  examination, 
characterized  in  that  said  apparatus  comprises: 

acquiring  means  (3,  6,  7,  8,  9,  10)  for 
acquiring  magnetic  resonance  signals  from 
multiple  slice  regions  of  a  subject  under  ex- 
amination  as  projection  data  in  a  specific  direc- 
tion; 

reconstructing  means  (11)  for  reconstruct- 
ing  projection  images  of  said  slice  regions 
from  said  projection  data  of  said  slice  regions 
obtained  by  said  acquiring  means;  and 

processing  means  (11)  for  performing 
arithmetic  operations  on  said  reconstructed  im- 

ages  of  said  slice  regions  to  thereby  produce 
an  image  of  blood  vessels  within  said  subject. 

23.  An  apparatus  according  to  claim  22,  character- 
5  ized  in  that  said  acquiring  means  (3,  6,  7,  8,  9, 

10)  employs  a  gapless  multi-slice  acquisition 
technique  in  which  said  slice  regions  are  shift- 
ed  in  sequence  in  position. 

10  24.  An  apparatus  according  to  claim  23,  character- 
ized  in  that  said  gapless  multi-slice  acquisition 
technique  employs  a  selective  excitation  pulse 
with  a  flip  angle  of  less  than  90  degrees  and/or 
a  pulse  repetition  time  which  is  shorter  than  is 

75  usual. 

25.  An  apparatus  according  to  claim  23,  character- 
ized  in  that  said  gapless  multi-slice  acquisition 
technique  employs  a  field-echo  sequence. 

20 
26.  An  apparatus  according  to  claim  22,  character- 

ized  in  that  said  processing  means  gathers 
images  obtained  by  performing  subtractions  on 
plural  images  for  the  same  slice  region  to 

25  thereby  produce  an  image  of  blood  vessels 
within  said  subject. 

27.  An  apparatus  according  to  claim  22,  character- 
ized  in  that  said  acquiring  means,  (3,  6,  7,  8,  9, 

30  10)  said  reconstructing  means  (11)  and  said 
processing  means  11  comprise  a  magnetic 
resonance  imaging  apparatus. 
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